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ORIGINAL ARTICLES

Do Nutritional Supplements Lower the Risk of Stroke
or Hypertension?

Steven D. Mark,! Wen Wang,? Joseph F. Fraumeni, Jr.,' Jun-Yao Li,> Philip R. Taylor,!
Guo-Qing Wang,? Sanford M. Dawsey,' Bing Li,2 and William J. Blot®

Between 1986 and 1991, 29,584 persons took part in a ran-
domized nutritional intervention trial in Linxian, China, an
area whose residents had chronically low intakes of several
nutrients and high rates of esophageal and gastric cardia cancer
as well as stroke. Using a one-half replicate of a 2* factorial
design, we randomized individuals to one of eight groups which
received combinations of four supplements: retinol and zinc
(factor A); riboflavin and niacin (factor B); vitamin C and
molybdenum (factor C); and beta-carotene, alpha-tocopherol
(vitamin E), and selenium (factor D). Deaths that occurred
during 5 veats of supplementation were ascertained and clas-
sified according to cause. At the end of the supplementation
period, we measured blood pressure readings and determined

the prevalence of hypertension. Participants who received
factor D had reductions in total mortality (9%) and total
cancer mortality (13%). These individuals also had the largest
reduction in stroke mortality (relative risk = 0.91; 95% con-
fidence interval = 0.76—1.07). End-of-trial hypertension, how-
ever, was not less prevalent among those receiving factor D.
Our findings contrast with the larger reductions in stroke death
and hypertension found in a parallel trial of Linxian subjects
with esophageal dysplasia who received a multivitamin/min-
eral supplement, suggesting an effect largely derived from nu-
trients other than those received in the present study.
(Epidemiology 1998;9:9-15)
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mortality.

Stroke disease is the second leading cause of death in
Linxian, a county in north central China with one of the
world’s highest rates of esophageal/gastric cardia cancer.!
The determinants of stroke in Linxian and other parts of
China are not well known, but dietary constituents,
including low vitamin and mineral intake, may be in-
volved. ‘As part of a randomized trial to evaluate the
effectiveness of supplementation with each of four com-
binations of nutritional supplements on esophageal/gas-
tric cardia cancer, we obtained information on all
deaths, including those from stroke. In addition, blood
pressure was measured before and after the vitamin/
mineral interventions. We have previously reported a
beneficial effect of the supplement that contained beta-
carotene, vitamin E, and selenium (factor D) on reduc-
ing total mortality, cancer mortality, and cancer inci-
dence. Herein, we report the effects of the supplements
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on stroke mortality and on the prevalence of hyperten-
sion at the end of the intervention. We also examine the
relation of pretreatment factors, such as sex, body mass
index, alcohol intake, and smoking, to stroke mortality.
The study was conducted in conjunction with a smaller
trial in Linxian that tested a single multivitamin/mineral
supplement containing 26 nutrients. In that trial, sup-
plement users had decreased stroke mortality and hyper-
tension, with the effect most pronounced among men.?

Methods

Elsewhere, we have given®* a detailed description of the
design, methods of conduct, and primary endpoint anal-
yses of the Linxian General Population Trial. In brief,
29,584 adults ages 40—60 years from four Linxian com-
munes were randomly assigned to receive one of eight
vitamin/mineral combinations. Before enrollment, we
obtained informed consent from each participant, and
throughout the trial, human subject protection proce-
dures in accord with those prescribed by the National
Institutes of Health and the Chinese Academy of Med-
ical Sciences were enforced. We excluded individuals
with a history of cancer or debilitating diseases. As
shown in Table 1, the treatment groups were defined by
the following eight combinations of four different vita-
min/mineral combinations, which we designate as fac-
tors A, B, C, D: AB, AC, AD, BC, BD, CD, ABCD, or
placebo. This process resulted in half of the participants
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TABLE 1. Nutrient Combinations and Doses Used in the

Treatment Factors

Dose
Factor A
Vitamin A (retinol palmitate) (IU) 10,000
Zinc (zinc oxide) (mg) 45
Factor B
Riboflavin (mg) 52
Niacin (mg) 40
Factor C
Ascorbic acid (mg) 180
Molybdenum (yeast complex) (ug) 30
Factor D
Beta-carotene (mg) 15
Selenium (selenium yeast) (ug) 50
Alpha-tocopherol (mg) 60

receiving each of the four nutrient combinations, with
subjects who received and did not receive a given factor
balanced with respect to all of the other nutrients.
Supplementation delivery occurred monthly, beginning
in March 1986 and continuing through April 1991. To
assess compliance, we counted unused pills and assayed
nutrient levels in blood collected from random samples
of participants every 3 months.

The ascertainment of all deaths and all incident can-
cers in trial participants occurred through routine and
special follow-up that ensured essentially complete re-
porting. Local physicians determined the cause of non-
cancer deaths, including stroke. Experienced senior Chi-
nese clinicians involved in this study reviewed these
decisions. At baseline (before randomization) in 1985
and again in the spring of 1991, we administered ques-
tionnaires and conducted brief physical examinations.
The questionnaire elicited information on age, sex, cig-
arette smoking, and alcohol drinking. Physical examina-
tions included standard mercury sphygmomanometer
measurement of systolic and diastolic blood pressure and
measurement of weight and height. In 1991, 77% of the
surviving trial participants had their blood pressures
measured by field staff blinded to intervention group
status. The rate of ascertainment of blood pressure did
not differ by treatment group. At both the baseline and
end-of-trial examinations, the blood pressures were
taken once at the beginning of the physical examination
with the subject seated. At the end of the trial, partic-
ipants were classified as being either “healthy” or in one
of the following categories: (1) dead from stroke; (2)
dead from other causes; (3) alive with cancer; (4) alive,
cancer free, with systolic (systolic pressure =160 mmHg)
but not diastolic hypertension; (5) alive, cancer free,
with diastolic (diastolic pressure =95 mmHg) but not
systolic hypertension; (6) alive, cancer free, with both
systolic and diastolic hypertension. The cutoff values for
systolic and diastolic pressure follow World Health Or-
ganization criteria.’

Using proportional hazards models,® we estimated the
relative risks (RR) and corresponding 95% confidence
intervals (CI) for the effect of treatment and baseline
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TABLE 2. Baseline Characteristics by Sex

Female (%) 55
Drinking* (%) 10
SmokingT (%) 0.20
Aget (years) 51 (44-58)
Systolic blood pressure} (mmHg) 130 (110-140)
Diastolic blood pressure} (mmHg) 80 (70-90)

21.9 (20.3-23.7)

Body mass index#

Male (%) 45
Drinking (%) 40
Smoking (%) 67
Aget (years) 53 (45-60)
Systolic blood pressuret (mmHg) 120 (110-140)
Diastolic blood pressuret (mmHg) 80 (70-90)

Body mass indext 21.6 (20.9-22.9)

* Drinking: ever-drinking alcoholic beverages in the last 12 months.
T Smoking: lifetime use of cigarettes for =6 months.
¥ Median (interquartile range).

risk factors on stroke mortality. To examine the propor-
tionality assumption, we used graphical display and
time-dependent models that tested for variation of the
relative risk over time. Since adjustment for baseline risk
factors resulted in essentially no change in estimates of
the treatment effect on overall mortality, cancer mor-
tality, or stroke mortality, we present the unadjusted
estimates. We present RRs based on two separate anal-
yses. Our primary analysis concerns RRs associated with
the four treatment factors, A, B, C, and D. The analysis
by factor imposes the simplifying assumption that the
effects of the factors are additive on a log scale. Even
though the experiment gives little evidence that contra-
dicts this assumption (P = 0.29 by likelihood ratio test),
we also present the RR estimates for each of the indi-
vidual randomization groups. These. RRs provide the
relative risk of stroke for each of the seven groups that
received some active supplement compared to the single
group that received placebo. We used linear regression
to estimate the effect of the treatment on 1991 systolic
and diastolic blood pressure. Polytomous logistic regres-
sion’ was used to compare the odds in the treated vs the
nontreated group for each of the six possible disease
categories. This analysis displays the effect of the treat-
ments on mutually exclusive and exhaustive disease cat-
egories without making any assumptions about the de-
pendencies between these disease categories and shows
exactly how the treatments affected the distribution of
disease states at the end of the trial. To decrease the
potential bias that arises from the lack of blood pressure
measurements at the end of the study on 23% of the
eligible individuals, the linear regression and polytomous
logistic regression models include terms for baseline-co-
variates. In all models with continuous covariates as
predictors, piecewise polynomial models with and with-
out quadratic terms were tested to see whether model fit
improved.

Results

Table 2 shows characteristics of the participants at the
start of the trial. Fifty-five per cent of the participants
were female. The median age was 2 years less for women
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TABLE 3. Numbers, Rates, and Relative Risks of All Deaths and Stroke Deaths by Randomization Group and by
Treatment Factor
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All Deaths Stroke Deaths
ks s R 5%
Person- Person- Person-
Years No. Years RR (95% CI) No.  Years Total Women Men

Group

Placebo 18,626 280 15.0 77 4.1

AB 18,736 265 14.1 0.94 (0.79-1.11) 66 3.5 0.85 (0.61-1.18) 0.86 (0.53-1.39) 0.85 (0.54-1.33)

AC 18,701 296 15.8 1.05(0.89-1.24) 11 3.8 0.91 (0.66-1.27) 0.83 (0.51-1.35) 0.99 (0.64-1.53)

AD 18,745 250 13.3 0.89 (0.75-1.05) 55 2.9 0.71 (0.50-1.00) 0.72 (0.43-1.19) 0.70 (0.43-1.11)

BC 18,686 268 14.3 0.95 (0.81-1.13) 60 32 0.78 (0.55-1.09) 0.81 (0.49-1.32) 0.75 (0.47-1.19)

BD 18,729 263 14.0 0.93 (0.79-1.11) 58 3.1 0.75 (0.53-1.05) 0.83 (0.50-1.35) 0.68 (0.41-1.08)

CD 18,758 249 13.2 0.88 (0.74-1.05) 67 3.6 0.86 (0.62-1.20) 0.86 (0.53-1.39) 0.87 (0.55-1.35)

ABCD 18,792 256 13.6 0.91 (0.76-1.07) 69 3.7 0.88 (0.64-1.22) 0.89 (0.55-1.43) 0.89 (0.57-1.38)
Factor*

1.00 (0.92-1.09) 0.99 (0.84-1.18) 0.94 (0.73-1.21) 1.04 (0.82-1.32)

B 0.98 (0.90-1.06) 0.94 (0.79-1.11) 0.99 (0.771-1.27) 0.89 (0.70-1.12)

C 1.01 (0.92-1.10) 1.04 (0.88-1.24) 0.99 (0.77-1.28) 1.09 (0.86-1.37)

D 0.91 (0.84-0.99) 0.91 (0.84-0.99) 0.94 (0.73-1.21) 0.87 (0.69-1.10)

* A = retinol, zinc; B = riboflavin, niacin; C = ascorbic acid, molybdenum; D = beta-carotene, alpha-tocopherol, selenium.

(51 years) than men (53 years). About two-thirds of the
men, but few women, smoked cigarettes (that is, lifetime
use for 6 months or more). Ten per cent of the women
reported ever drinking alcoholic beverages in the past
year, compared with 40% of the men. Drinking was
typically infrequent and in small amounts: over 90% of
persons classified as drinkers reported drinking only a
few times a year, with most of the remaining reporting
drinking a few times per month. Median blood pressure
was 130/80 among women and 120/80 among men. The
eight treatment groups were well balanced with respect
to all of the baseline characteristics, including both
systolic and diastolic blood pressure, and the serum nu-
trient levels examined.*

Data on serum nutrients from samples of trial partic-
ipants, and from surveys before the start of the trial,
indicate that the Linxian region has poor overall nutri-
tion. In dietary surveys in this area, we have found that
as many as 90% of adults have less than two-thirds the
Chinese or U.S. recommended intake of vitamin A,
riboflavin, and calcium.® Plasma levels of retinol, many
of the carotenoids, alpha-tocopherol, ascorbic acid, ti-
boflavin, and zinc have also been low compared with
levels in the U.S. population.?$:10

During the 5-year course of the study 2,127 deaths
(rate = 14.2 per 1,000 person-years), including 792
cancer deaths (rate = 5.3 per 1,000 person-years) and
523 stroke deaths (rate = 3.5 per 1,000 person-years),
occurred. We have previously reported death frequency
by cause of death and by group. Table 3 shows the
effects of treatment factor and treatment group on over-
all mortality and stroke mortality. The largest risk re-
duction in overall mortality, 9%, was experienced by
individuals taking factor D (RR = 0.91; 95% CI =
0.84-0.99). Sex did not modify the effects of the treat-
ment factors'! or groups (data not shown) on overall
mortality.

Individuals receiving factor D also experienced the
lowest stroke mortality (RR = 0.91; 95% CI = 0.76—

1.07). Compared with the group that received placebo, a
modest benefit occurred in all seven of the randomiza-
tion groups that received nutritional supplements, with
the largest reduction in the AD group (RR = 0.71; 95%
CI = 0.50-1.00). Those receiving AD along with BC
(that is, group ABCD) did not have a correspondingly
low RR. The effect of sex (right two columns of Table 3)
on the variation by group or factor was small.

Individuals age 60 years or more with systolic hyper-
tension (systolic pressure =160) at baseline accounted
for approximately 7% of the study population but expe-
rienced 36% of the stroke deaths. For most of the factors
and groups, the treatment effects tended not to differ by
risk level as defined by age and systolic hypertension
criteria. Nevertheless, in the two groups that received
both factors A and B (that is, groups AB and ABCD),
the supplemented high-risk individuals had lower stroke
mortality. For the AB group, the relative risk was 1.23
(95% CI = 0.81-1.85) for low-risk and 0.47 (95% CI =
0.26-0.86) for high-risk individuals. For the ABCD
group, the relative risk was 1.18 (95% CI = 0.78-1.79)
for low-risk and 0.53 (95% CI = 0.30-0.94) for high-
risk individuals.

The death rate from stroke in men (adjusted for smok-
ing and drinking) was 70% greater than the rate among

women (RR = 1.7; 95% CI = 1.32-2.12). Table 4 lists

TABLE 4. Relative Risk of Stroke Associated with
Pretreatment Variables (Linxian, China, 1985-1991)

RR* 95% CI
Systolic blood pressure per 5 mmHg 1.12 1.09-1.15
Diastolic blood pressure per 5 mmHg 1.12 1.07-1.16
Age per 5 years 1.51 1.42-1.61
Body mass indext per 1.5 units 1.02 0.97-1.07
Alcohol drinking . 0.77 0.61-0.98
Smoking 1.09 0.85-1.40

* Estimates when all pretreatment variables are entered simultaneously into a
Cox model stratified on sex.
T Units chosen to approximate the interquartile range.
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TABLE 5. Effect (in mmHg) of Treatment Factor and Randomization Group on End of Study Blood Pressure, from Linear
Regression Analysis. Model Includes Terms for Age, Baseline Systolic Blood Pressure (SBP), Baseline Diastolic Blood
Pressure (DBP), Smoking, Drinking, and Body Mass Index. 95% Confidence Limits in Parentheses

Treatment Factor

A B C D
SBP 0.67 ~0.57 ~0.50 0.00
(0.07, 1. 25) (—1.17,0.02) (—1.09, 0.09) (—0.59, 0.60)
DBP 0.29 -0.37 -0.24 0.26
(—0.07, 0.65) (—0.73, —0.02) (—0.60,0.12) (—0.09, 0.62)
Randomization Group
CD AC BD AB BC AD ABCD
SBP —0.67 0.40 -0.33 —0.08 -117 0.56 0.41
(—1.85,0.51) (—0.79, 1.58) (- 1 52 086) (—1.28,1.10) (-2.36,0.01) (- 062 1 74) (-L 59 0 m
DBP ~0.21 0.04 ~032 -0.96 -0.06
(—0.92, 0.50) (—0.67,0.76) (- 0 84 O 60) (—1.04, 0.40) (—1.68, —0.25) (-0. 51 0 92) (—0.77, 0.65)

the relative risks (controlling for sex) of stroke mortality
associated with other pretreatment variables. The im-
portant predictors of elevated stroke risk wete increasing
age (RR = 1.51 for every 5-year increase), increasing
systolic blood pressure (RR = 1.12 for each 5 mmHg),
and increasing diastolic pressure (RR = 1.12 for each 5
mmHg). A decreased stroke risk was found among those
with a history of alcohol consumption, with drinkers
experiencing a 23% lower rate of strokes than nondrink-
ers (RR = 0.77; 95% CI = 0.61-0.98).

Table 5 shows treatment effects on the end of study
systolic and diastolic blood pressures. The magnitude of
these effects was small. A history of alcohol drinking also
had only small effects on either systolic (average de-

crease of 0.59 mmHg) or diastolic pressures (average
increase of 0.14 mmHg).

Table 6 presents the effect of the interventions on the
mutually exclusive and exhaustive outcome categories of
stroke mortality, other causes of death, hypertension,
and nonfatal cancers. This table displays the overall
effect of each intervention on the health of the subjects
who received it. Analyzing by factors, only factor D had
an important impact on these categorical outcomes (Ta-
ble 6). This effect was largely due to a reduction in
nonstroke mortality (RR = 0.90; 95% CI = 0.81-1.00)
and stroke mortality (RR = 0.89; 95% CI = 0.74-1.08)
and to an increased prevalence of isolated diastolic hy-

pertension (RR = 1.23; 95% CI = 1.06-1.43). For

TABLE 6. Rate Ratios for Effect of Factor and Treatment Group on End-of-Trial Outcomes from Polytomous Regression.
Model Includes Terms for Age, Baseline Systolic Blood Pressure, Baseline Diastolic Blood Pressure, Smoking, Drinking, and
Body Mass Index. The Reference Category Is Those Who Are Alive and Free of Cancer, Systolic Hypertension, and Diastolic

Hypertension
High Alive with Stroke
High Systolic Diastolic High Both Cancer Death Other Death
Treatment factor

A 1.07 1.13 05 1.05 1.06 1.04

(0.96-1.21) (0‘98—1.31) (0. 94——1 18) (0.89—1.26) (0.88-1.28) (0.94-1.16)
B 0.95 0.84 .05 0.97 0.99

(0. 85 1.08) (0. 73—0 98) (0. 94—1 18) (0. 76—1 08) (0.81-1.17) (0.89—1.10)
C 0.94 95 0.89 03 0.99 0.97

(0. 84—1 07) (0. 82——1 10) (0. 79—0 99) (0. 87 1.24) (0.82-1.19) (0. 87—1 08)
D 0.93 1.23 98 01 0.89 0.90

(0. 83 1.05) (1.06-1.42) (0. 87 1.09) (0. 85 1.21) (0.74-1.08) {0.81-1.00)

Treatment group

CD 0.93 1.13 0.85 18 0.86 0.88

(0. 73 1.19) (0.86--1.50) (0.67—1.06) (0. 83 1.70) (0. 60—1 22) (0.71-1.09)
AC 11 0.94 0.93 27 1.00 1.17

(0. 88—1 41) (0.70-1.26) (0. 74——1 16) (0. 8&1 81) (0. 71 1 42) (0. 95—1 44)
BD 0.98 0.90 .03

(0. 77—1 25) (0. 67—1 22) (0. 82—1 28) (0. 74—1 55) (0. 58—1 20) (0. 84—1 28)
AB 0.94 1.08 1.00 1.0

(0. 85 1 38) (0. 70—1 26) (0.87-1.35) (0. 73 1 55) (0. 70—1 43) (0. 84—-1 28)
BC 0.96 0.68 0.92 0.76 00

(0.76-1.22) (0. 50—0 94) (0. 74~1 15) (0. 82—1 70) (0.53~1. 10) (0. 82—1 25)
AD 1.07 1.23 1.01 1.33 0.75 0.99

(0.85-1.36) (0. 93 1 62) (0. 81 1.26) (0. 94—1 90) (0.51-1.08) (0. 80—1 22)
ABCD 0.91 97 0.92

(0.71-1.16) (0. 84—1 47) (O.77~l.20) (0. 70—1 47) (0.65-1.31) (0. 73 1 19)
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factor C, there was a decreased prevalence for all three
categories of hypertension. Of the treatment groups, BC
group was the only one with a consistent direction of
effect (decreased prevalence) for all three categories of
hypertension and death from stroke. None of the other
treatments affected the overall distribution of outcomes
appreciably (Table 6).

Discussion

The causes of hypertension and stroke are complex and
largely unknown. With the exception of the well-estab-
lished relation between hypertension and stroke, little is
understood about other potentially modifiable risk fac-
tors for either disease. Ecologic studies,!*'8 migrant stud-
ies,!® observational analyses of assembled cohorts,!220-24
and (for hypertension, at least) intervention trials!3?5:26
have indicated that diet may be important in influenc-
ing the risk of these diseases. Best established is the
association between elevated blood pressure and high
dietary sodium consumption or sodium-to-potassium ra-
tio. Two recent small randomized trials evaluating vita-
min C noted decreases in blood pressure after 4 and 6
weeks of daily supplementation,?’?® consistent with ob-
servational studies linking decreased blood pressure with
higher levels of vitamin C intake. The dose of vitamin C
in these trials was more than twice as high as the dose in
our General Population Trial.

Only a few analytical studies have evaluated risk of
stroke in relation to dietary nutrients. One of the earliest
reported a beneficial effect of potassium consumption,
itself highly correlated with intake of fruits and vegeta-
bles.2 Subsequent studies have suggested protective ef-
fects of antioxidants and serum beta-carotene.??-3? Stud-
ies evaluating the intake of vitamins C and E have
reported either protective effects or null effects 337 A
small clinical trial of secondary stroke prevention that
compared aspirin vs aspirin and vitamin E*® noted a
lower incidence of stroke with vitamin E supplements,
but the rapidity of the effect indicated an antiadhesive
action on platelets rather than an antioxidant mecha-
nism. Flavonoids, nonnutritive components of plant
foods with antioxidant properties, have recently been
suggested as protective against stroke.”? More detailed
reviews have summarized evidence on the relation of
micronutrients to hypertension and stroke,? and to car-
diovascular disease in general %

In addition to the present trial, only two randomized
studies of vitamin intervention have evaluated stroke
mortality as a separate category. The Alpha-Tocopherol
Beta-Carotene Intervention Trial,® a two-by-two facto-
rial study of middle-aged male cigarette smokers in Fin-
land, observed slightly higher rates of stroke mortality in
both the vitamin E and the beta-carotene groups than in
the controls. Combining the reported categories of hem-
orthagic and ischemic stroke, and assuming that the
number of deaths follow a Poisson distribution, we cal-
culate the relative risks of stroke mortality to be 1.10
(95% CI = 0.85-1.42) for the vitamin E recipients and
1.21 (95% CI = 0.93-1.56) for the beta-carotene recip-
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ients in the Finnish trial. No measure of blood pressure
was reported. The Linxian Dysplasia Trial,>*! conducted
as a companion to our general population study, is dis-
cussed below.

In the present study, whose participants consumed
low quantities of many important micronutrients in
their diet, individuals were randomly assigned either to a
placebo group or to one of seven other groups. Each of
these seven groups received different combinations of
nutrient supplements and showed some lowering of
stroke mortality. These reductions ranged from 29% (the
group that received vitamin A, zinc, beta-carotene, se-
lenium, and alpha-tocopherol) to 9% (the group that
received vitamin A, zinc, molybdenum, and vitamin Q).
The precision of the individual estimates (as measured
by their confidence intervals) is not sufficient to con-
clude that the agents in one treatment group are superior
to those in another group or, for that matter, to placebo.
Furthermore, since all seven supplemented groups were
compared with the same placebo group, and there is a 1
in 8 chance that the placebo group will have the highest
rate of stroke death even when no benefit of nutritional
supplementation exists, the “consistent” beneficial effect
we found is not strong evidence for the merits of nutri-
tional supplementation in this population. It is of note
that both treatment groups receiving the combination of
vitamin A, zinc, riboflavin, and thiamine (AB, ABCD)
showed a beneficial effect on stroke for high-risk subjects
(age =60 years, systolic blood pressure =160) but not for
others.

Whereas the design of this study enables us to com-
pare differences in outcomes between the seven supple-
mented groups and the placebo group, the primary in-
tent of this study was to evaluate the effects of the four
treatment factors A, B, C, and D. The factors themselves
are a combination of several nutrients, aggregated ac-
cording to their underlying biochemical mechanisms of
action. Using as an outcome the disease categories in
Table 6, only the lipid-soluble antioxidants (factor D)
had a measurable impact on stroke mortality, as well as
on other causes of death. For the other three factors,
there was no clear-cut evidence for an effect on stroke or
other causes of death (predominantly cancer). Factor C
(vitamin C and molybdenum) had a small beneficial
effect on all categories of hypertension, and on average
systolic and diastolic blood pressure.

Contemporaneously with this General Population
Trial and its factorial design, we conducted another,
smaller trial in Linxian, the Dysplasia Trial, in which
subjects with esophageal dysplasia received either a pla-
cebo or multivitamin/mineral preparation.>*! With the
exception of being slightly older (median age higher by
2 years), and having a precursor lesion to esophageal
cancer, the participants of the two trials were similar.
The overall stroke mortality rate in the Dysplasia Trial
(3 per 1,000 person-years)? was comparable with that in
the General Population Trial (3.5 per 1,000 person-
years). The supplemented group in the Dysplasia Trial,
however, had a reduction in stroke mortality rate that
surpassed the benefit noted in any of the general popu-
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lation groups. In addition, whereas the general popula-
tion study showed no evident sex difference in the effect
of supplements, the benefit in the Dysplasia Trial was far
greater in men (RR = 0.42; 95% CI = 0.19-0.93) than
women (RR = 0.93; 95% CI = 0.44-1.98). Similarly,
the lowered prevalence of both systolic and diastolic
hypertension after supplement use in the Dysplasia Trial
was more pronounced in men.?

The multivitamin/minerals given in the Dysplasia
Trial contained the nine nutrients used in the general
population study, plus 10 other mineral compounds and
seven other vitamins (six water-soluble vitamins and
vitamin D). Although the different treatment effects on
stroke mortality found in the two trials could result from
any number of factors, one possible explanation is the
varied composition of the supplements. In particular, it
is possible that the B vitamins folate, pyridoxine, and
cyanocobalamine (By,), given only in the Dysplasia
Trial, contributed to the reduction in stroke mortality
and, possibly, hypertension. All three of these B vita-
mins are important cofactors in the metabolism of ho-
mocysteine, and supplementation with these vitamins,
particularly folate, has been shown to lower homocys-
teine levels.** There is growing evidence linking ele-
vated serum (or plasma) levels of total homocysteine
and decreased serum levels and/or intake of folate, pyr-
idoxine, or By;, with arterial occlusive disease®* in
general, and with stroke in particular.®~* In the popu-
lations examined to date, homocysteine levels have been
approximately 20% higher in men than in women,®
which may help explain the greater treatment benefit
among men in the Dysplasia Trial.

The supplemented individuals in the Dysplasia Trial
also received higher doses of potassium, calcium, and
magnesium. All of these cations have been suggested as
exerting beneficial effects on blood pressure.?1-325

The relations we observed between stroke risk and
male sex, increasing age, and increasing systolic or dia-
stolic blood pressure are well established. The associa-
tion of smoking with stroke in our study (RR = 1.09;
95% CI = 0.85-1.40) was not as strong as that reported
in a recent meta-analysis (RR = 1.5; 95% CI = 1.45-
1.58).# The smokers in our study population, however,
would generally be classified as “light” smokers, with a
median of 11 pack-years. Of special interest is the ap-
parent protective effect associated with alcohol drinking
in our study, since some studies have suggested an in-
creased risk of stroke with heavy drinking, and of hem-
otrhagic stroke with all levels of drinking.”®*! For isch-
emic and overall stroke, however, there is limited
evidence that low or moderate levels of drinking may be
associated with reduced risk.*! In the Linxian studies, we
could not distinguish hemorrhagic from ischemic stroke,
but population statistics in China indicate that approx-
imately two-thirds of the strokes are ischemic.’? Those
who consumed alcohol in Linxian tended to be light or
infrequent drinkers, and they showed risk reductions of
23%. Whether this effect is due to a low level of alcohol
consumption or some other unmeasured trait correlated
with alcohol intake or abstention is unknown.
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By continued follow-up of these study populations,
and from the analyses of the biological specimens col-
lected, it should be possible to characterize further the
effects of the interventions. We are presently conducting
a nested case-cohort study to explore the associations
between serum vitamin and homocysteine levels with
the occurrence of stroke in the General Population and
Dysplasia Trials, and to investigate whether the risks
vary by the treatment received.
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